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Scope'and'overview'of'SRX'

General'background'
Analy.cal"resources"have"to"be"developed"
to"advance"our"understanding"of" complex"
natural" and" engineered" systems" that" are"
heterogeneous" on" the" micron" to"
submicron"scale"

"

Scien2fic'areas'
•  Environmental"Sciences"
•  Earth"&"Universe"Sciences"
•  Life"Sciences"
•  Material"Sciences"
•  Energy"research"Sciences"
•  Cultural"Heritage"



SRX'at'NSLS>II:'
•  Beamline"with"versa.le"sample"setup"for"experiments"in"

environmental,"life,"and"material"sciences."

•  Designed"to"allow"two"independent"beamlines"op.mized"to"
perform"high"flux"and"high"spa.al"resolu.on"spectroscopy""

•  "SRX"with"KB"mirrors"op.mized"for"E"="4.65"/"25"keV.""
Two"sets"of"KB"op.cs"will"create"either"a"sub/µm"
or"sub"100"nm"focal"spot"

•  "X/ray"Fluorescence"Nanoprobe"(XFN)"using""
zone"plates"is"op.mized"for"E"="2"/"15"keV,""
focal"spot"<"30"nm."Not'in'the'present'scope.'

Scope'and'overview'of'SRX'

SRX'Beamline'performances'
•  Source:"In"vacuum"undulator,"l"="21"mm,"L"="1.5m'
•  Energy'range:"4.65"keV"≤"E"≤"25"keV"
•  Monochromator:'
Horizontally"deflec.ng"DCM:"Si"(111)"or"Si"(311)"
•  Energy'resolu4on:""ΔE"≈"1.5/2.5"eV"@"12"keV"

""""""""""""""""""Δ"E"≈"0.8"eV"@"7"keV"
''''''(in'collima2ng'mode)""Δ"E"≈"0.1"eV"@"7"keV"

Performances'at'the'focal'spot'
•  High"flux"setup:"Ø"≈0.5"µm"at">"1013"phot/sec"
•  High"resolu.on"setup:"
"Ø"≈70"nm"at"1011/1012"phot/sec"@"7"keV"
"Ø"≈30"nm"at"1011"phot/sec"from"12"keV"

SSA"modifies"the"horizontal"
focused"beam"size"
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Scope'and'overview'of'SRX'

Techniques'available:'
With"a"micro"/"nanobeam:"
•  µ/XANES"spectroscopy"(fluo"&"abs)"
•  X/ray"fluorescence"imaging"(mapping'
of'trace'elements)'
•  X/ray"fluorescence"tomography"
•  Combina.on"of"microscopy"&"XES"
•  RIXS"
•  XRS"

Full/field:"
•  µ/XANES"
•  µ/CT"
•  ultra"fast"µ/CT"(10"ms"/"volume"acquisi.on)"
•  phase"contrast"
• Holotomography"
With"a"µm"/"nm"beam"+"Array"Detectors:"
•  X/ray"µ/diffrac.on"
•  X/ray"coherent"imaging:"ptychography"
•  Zoom"µ/CT"
"
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•  Low"beta,"short"straight"sec.on"
•  To"serve"both"branches"independently"

" "⇒"two"undulators,"canted"design"

Spectral"flux"
at"odd"harmonics"
(by"O."Choubar)"

Undulator'choice'

Width"of"the""3rd"harmonic:""""35"eV"""around"""E"="""4.635"keV""
Width"of"the"17th"harmonic:"130"eV""""around"""E"="26.3""""keV.""
FWHM"in"ΔE/E":"0.75"%"for""3rd"harmonic"

"""""""""0.5""%"for"17th"harmonic"



BROOKHAVEN SCIENCE ASSOCIATES 

Hutch 5-ID-A (lead): Focussing mirrors, monochromators, beam defining slits for ZP branch. 
Beam defining slits for KB branch in small steel hutch (5-ID-B). Steel hutches: Endstations for 
ZP- (5-ID-C) and KB-branch (5-ID-D). Optical components are shining through the walls. 

Overall'Layout'
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Overall'Layout'
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SRX'Beamline'in'First'Op2cal'Enclosure'
•  Diamond"filter"
• White"beam"slits"
•  Horizontally"Focusing"Mirror"
•  Pink"beam"slits"
•  Double"crystal"monochromator"

Overall'Layout'

XFN'Beamline'

•  2"Horizontally"Deflec.ng"Mirrors"

•  Double"Crystal"Monochromator"
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Strategy'for'a'high'stability'in'the'FOE'
! Our'Leitmo2v:'the'stability'
• Horizontally"focusing"mirror"""the"gravity"does"not"increase"the"pitch"vibra.ons"
• Horizontally"diffrac.ng"Double"Crystal"Monochromator"""idem"
• Cri.cal"op.cs"sharing"the"same"granite"table"
• Use"of"a"secondary"source"in"the"horizontal"plane"
""""""it'involves'to'get'a'very'stable'pair'of'slits'(SSA)'
'''!'BPM'at'the'SSA'for'closed'loop'opera2ons'
''''with'the'2nd'DCM'crystal'

'DCM'='master'piece'of'the'
Beamline'
>"<50"nrad"(1σ)"vibra.onal"stability"
>"Compactness"for"stability"purpose"
>"Pitch"of"both"crystals"on"flexures"
>"Cryogenic"Indirect"or"Cu"braid"
cooling"available"
>"1"full"XANES"in"2/3"seconds"

DCM Bruker’s design 
removed for 
confidentiality reason 



KB'op2cs'concept'

Two"sets"of"KB"mirrors:"
•  A:'nanoprobe"

fixed"curvature"
short"extension"
short"focal"lengths"

"""""resolu.on"~"50"nm"
•  B:"high>flux'sta2on"

fixed"curvature"
large"aperture""
long"working"distance"
resolu.on"~"1"to"0.15"µm"

A.'Nanoprobe'

B.'High>flux'sta2on'

End>sta2on'concept'with'2'modes'

A"stays"fixed"and"aligned"
B"mirrors"goes"in"&"out."

Detectors"move"quickly"
around."

Top'view' Side'view'
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•  Flux"of"more"than"1013"ph/s"in"a"sub/micron"sized"focal"spot"=>"dwell".me"per"pixel"well"
below"1"ms"for"fluorescence"=>""
•  fast"scanning"of"large"images,"mm"sized"e.g."5"x"5"mm2,"1"µm"spot,"0.5"ms"dwell/point"in"3.5"hours"(dwell"

.me"0.1"sec""=>""29"days"at"standard"condi.ons),"image"size"necessary"for"representa.ve"sample"size,"e.g."
energy"storage"

•  SRX"could"boost"X/ray"fluorescence"tomography"&"µ/XANES"tomography"with"a"pencil"beam"
•  New"possibili.es"with"studies"looking"at"trace"elements"(Earth"Sciences)"

•  Intense"50"nm"large"monochroma.c"beam"
•  Spa.al"resolu.on"sufficiently"high"for"imaging"in"situ"e.g."micro/"and"nanopar.cles,"colloids"in"fluid"cells,"

biofilms"and"microbial"suspensions"
•  Unmatched"resolu.on"with"a"monochroma.c"beam:"enable"spectroscopy"with"a"nanoprobe."Study"in"situ"

e.g."rock"weathering,"oxida.on/reduc.on"of"minerals,"integra.on,"storage"and"release"of"heavy"metals"and"
radionuclides,"crevices,"grain"or"phase"boundaries""

Name Energy range / keV Spot size / µm2 Energy  
resolution 

Photon flux in spot Spectro-
scopy 

SRX @ NSLS-II 4.7 – 23  0.8 x 0.7 (KB) 
0.05 x 0.05 (KB) 

1.5 x 10-4 

1.5 x 10-4 
> 1013 @ 12 keV 

1011 - 1012 @ 12 keV 
Y 
Y 

NINA @ ESRF 11.2/17/33.6 keV (NI) 
5-70 NA 

0.01 x 0.1 (NI) (MLL) 
0.05 x 1 (NA) (KB) 

10-2 
10-4 

2.5 x 1012 

1.8 x 1011  
N 
Y 

In-situ Nanoprobe 
@ APS 

4-30 0.05 x 0.05 (KB) 
0.02 x 0.02 (ZP) 

10-2 
10-4 

8.7 x 1011 @ 10 keV 

2.2 x 109 @ 10 keV 
N 
Y 

Nanoscopium  
@ SOLEIL 

5-20 0.1 x 0.1 (KB) 10-4 
 

1.4 x 1010 @ 5 keV 
 

Y 

Science'Capabili2es'
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!  'End>sta2on'presenta2on'
'

•  State"of"the"Art"Kirkpatrick/Baez"(KB)"focusing"
op.cs"

•  2"versa.le"End/sta.ons"
•  Sample"stage"and"nanoposi.oning"
•  Detectors"&"analy.c"techniques"
•  Sample"environment"
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Design'of'the'High'Flux'KB'system'

! WinlightX'Design'
In/house"piezo"driven"flexure"
base"stages""

KB’s WInlightX design removed for confidentiality reason 



Thin"elements"approxima.on:"

Assump.on"a"KB"mirror"behaves"
like"a"lens."" 56'nm'

Focal'spot'@'7.2'keV:'
/"Vert."~"56"nm"
/"Horiz."~"56"nm"with15"µm"SSA"
/"Flux"~"1012"ph/s"

SRW'Par2ally>coherent'wavefront'
propaga2on'simula2on'with'perfect'op2cs'

(by'Oleg'Chubar)'

! Nanoprobe"
/  Diffrac.on"limited"focal"spot"
/  Fully"(vert.)"and"par.ally"

(horiz.)"coherent"beam"
""ray"tracing"useless"to"specify"
the"op.cs"
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Versa2lity'
! Goals:"not"either"the"microprobe"or"the"nanoprobe"but"both"at"your"convenience"

! No"need"to"waste"half"a"day"to"switch"from"the"microprobe"to"the"nanoprobe"

•  "High'Flux'sta2on'in'opera2on'
/"Fluorescence"and"2D"detectors"move"on"2"
independent"motorized"gantries"



Versa2lity'

•  "Nanoprobe'in'opera2on'

! Goals:"not"either"the"microprobe"or"the"nanoprobe"but"both"at"your"convenience"

! No"need"to"waste"half"a"day"to"switch"from"the"microprobe"to"the"nanoprobe"

Change'between'sta2ons'almost'fully'automated,'
only'the'sample'and'the'tomo'setup'have'to'be'
manually'transported'



BROOKHAVEN SCIENCE ASSOCIATES 

Versa2lity'

•  "Nanoprobe'in'opera2on'
/"Geometry"for"ptychography,"Zoom"tomography"

! Goals:"not"either"the"microprobe"or"the"nanoprobe"but"both"at"your"convenience"

! No"need"to"waste"half"a"day"to"switch"from"the"microprobe"to"the"nanoprobe"
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End>sta2on'concept'with'2'modes'

Nanoprobe'top'view'

Nanoprobe'side'view'
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End>sta2on'concept'with'2'modes'

•  Sample"geometry"@"90o"

""minimize"the"beam"footprint"on"the"sample"
•  Sample"geometry"@"45o"

""minimize"the"scabering"on"detectors""

Axis"of"rota.on"of"the"base"plate"centered"on"the"sample"

""interferometers'are'carried'with'the'base'plate'
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Strategy'for'a'high'stability'in'the'End>Sta2on'
! Our'Leitmo2v:'the'stability"
•  Final"focusing"op.cs:"
"/"Long"KB"mirrors:"no"benders"
"/"nanoprobe:"fixed"curvature,"short"&"s.ff"mirrors,"minimiza.on"of"freedom"degrees"
•  High"resolu.on"/"high"throughput"Diamond"BPM"(downstream"the"KB’s)"

!  Flux"linearity"demonstrated"over"11'orders'
of'magnitude"

!  Posi.on"resolu.on"~20"nm"possible"for"
small,"intense"beams"

!  Posi.on,".ming"and"flux"recorded"for"every"
bunch"at"6.5"MHz"

Data'from'J.'Smeidley'(BNL)'

J. Morse data courtesy (ESRF) 
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! Our'Leitmo2v:'the'stability"
•  Final"focusing"op.cs:"
"/"Long"KB"mirrors:"no"benders"
"/"nanoprobe:"fixed"curvature,"short"&"s.ff"mirrors,"minimiza.on"of"freedom"degrees"
•  High"resolu.on"/"high"throughput"Diamond"BPM"(downstream"the"KB’s)"
•  Interferometers"surveying"the"sample:"holder"in"Zerodur"
"""15"cm"of"Zerodur"undergoing"ΔT≈0.3o"expands"of"0.9"nm"

against"54"and"540"nm"for"Invar"&"steel"

Strategy'for'a'high'stability'in'the'End>Sta2on'
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! Our'Leitmo2v:'the'stability"
•  Final"focusing"op.cs:"
"/"Long"KB"mirrors:"no"benders"
"/"nanoprobe:"fixed"curvature,"short"&"s.ff"mirrors,"minimiza.on"of"freedom"degrees"
•  High"resolu.on"/"high"throughput"Diamond"BPM"(downstream"the"KB’s)"
•  Interferometers"surveying"the"sample:"holder"in"Zerodur"
"""15"cm"of"Zerodur"undergoing"ΔT≈0.3o"expands"of"0.9"nm"

against"54"and"540"nm"for"Invar"&"steel"
•  To"controlled"enclosure"@"~±"0.1o"

Strategy'for'a'high'stability'in'the'End>Sta2on'



BROOKHAVEN SCIENCE ASSOCIATES 

Nano>posi2oning'
! Closed'loop'between'interferometers'and'fine'stages'

•  Transfer"the"accuracy"of"the"fine"stages"to"the"coarse"stages"during"on'the'fly"scans"

"""""closed"loop"on"interferometers"instead"of"encoders."

•  Real".me"dri}"correc.on"

Control system set by 
W. Lewis 
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Nano>posi2oning'

•  Tomography"setup" •  Scanning"setup"
ESS"Air"bearing"rotary"stage"

2"axis"Kozhu"goniometer"

Smooth"linear"Aerotech"stages"
XYZ"PI"piezo"stage"

Weight"compensator"

SIOS"interferometers"

Interferometers"holder"in"Zerodur"

! Coarse"stage:"Aerotech"ANT95/L"(direct"drive"linear"stage)"
""accuracy:"±250"nm,"bidir."repeatability:"±75"nm"



Nano>posi2oning'

•  Tomography'setup'

""Fit"in"the"4"cm"working"distance"of"the"nanoprobe"""

!  Simultaneous"acquisi.on"of"fluorescence"
and"diffrac.on"tomography"

Project: dynamical correction of the rotary stage 
run out for nanotomography acquisitions 
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Detectors'strategy'

 

•  Fluorescence Detectors 
-  Energy Dispersive Spectrometers 

 SDD Vortex ME4 from SII & MAIA (v.1 and v.2)  

-  Wavelength Dispersive Spectrometers 

• Array Detectors 
-  High resolution (full-field) 
-  Diffraction 



Detectors'strategy:'MAIA'
! 'Energy'Dispersive'Spectrometers:'Vortex'ME4'from'SII'& MAIA'

(BNL"/"SCIRO"collabora.on"–"P."Siddons,"C."Ryan,"R."Kirkham)"

• MAIA"version"1,"back"scabered"geometry""

'ultrafast,"drawback""bad"energy"resolu.on"~240"eV"
• MAIA"version"2,"SDD"detectors"""x4"higher"count"rates,"
~145"eV"energy"resolu.on"

96"or"384"mm2"photodiode"detectors"in"a"monolithic"
array,"wire/bonded"to"3"ASICS."



1"mm"

Maia'RGB'Imageur'
•  9600"x"8000"pixels"
•  0.6"ms/pixel"
•  Maia/96"detector"
•  12"hours"(<1min"

with"SRX)"

As'Fe'Br'



Detectors'strategy:'MAIA'

1200"x"2267"(9"x"17"mm2)‏"
5.7"hours"(7.5"ms"dwell)‏"
7.5"x"7.5"µm2"pixels"

Fe>Y>Cu"RGB"composite"

(1500"x"2624"pixel"images,"13"x"21"mm2)‏"

Fe'map'



Detectors'strategy:'WDS'

! LDRD project (V. De Andrade, K. Attenkofer and J. Thieme) 
 (a) Von Hamos and (b) High Efficiency Spectrometer – not yet funded… 

! LDRD project (G. Seidler et al.) – Funded 
SRX team not directly involved 

-  High spectral resolution for 
emission lines separation 

-  Combination of microscopy & X-
ray Emission Spectroscopy 

-  RIXS 
-  X-ray Raman Scattering 
1013 ph/s ! true asset for XES 

(figure courtesy J. Szlachetko et al.) 



Detectors'strategy:'CCD'array'detectors'

! High'resolu2on'detectors'for'full>field'
imaging'>'ul2mate'resolu2on'≈'400'nm'

•  PCO"edge"(sCMOS"Chipset)""2k"x"2k,"30"ms"
readout,"""""1.1"e>"noise,"27000:1"dynamic"
•  +"10"µm"thick"GGG:Yb"scin.llator"(ESRF,"T."Mar.n"
&"P.A."Douissard)"
•  +"5X,"10X"and"20X"op.cs"(Op.que"Peter"assembly)"

De'Andrade'et'al.,'Anal.'Chem.'2011'

•  Full/field"spectroscopy"



Detectors'strategy:'CCD'array'detectors'

! Fast'detector'for'Diffrac2on'analyses'
'"'expected'provider:'Photonic'Science'

•  4k"chipset"(4".mes"2k"x"2k),"very"fast"and"low"noise"sCMOS"chipsets"
•  Detec.on"surface:"10.7"x"10.7"cm2"

•  Pixel"size:"26"µm2"

•  Dynamic"27,000":"1"(or"50,000":"1"if"binning)"
•  Readout:"30"ms"

Phase identification of a C60 sample 
crushed under pressure 
(Bleuet et al., Nature Material, 2008) 
 
ESRF, ID22, 18keV, 
2.3x2.3x1.6 µm3 voxel 
1011 ph/s 
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High"resolu.on"setup"

Coin/type"cell"
for"babery"research"

Sample'environment'

! Microprobe:"13"cm"working"distance"
" "big"volume"press"can"fit"in,"as"for"instance"the"APS"
portable"Paris/Edinburgh"(Ø24"cm)"

"

! Nanoprobe:"4"cm"working"distance"
" ESS"air"bearing"rotary"stage"can"fit"in"
" a"Diamond"Anvil"Cell"can"fit"in"
"

What'else?'This'workshop'will'help'to'specify'the'
needs'and'fine'tune'the'sample'stage'design'

""
Cell"for"anoxic""

aqueous"samples"
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SRX'Schedule'/'Conclusion'

• 2010:"Preliminary"Design"Report"

• 2011:"performing"the"specifica.on"docs"for"the"main"op.cal"
package"and"the"KB"systems"

• 2012:"
/ contract"awarding"for"the"main"op.cal"package"(Bruker)"and"the"KB"
mirrors"(WinlightX")"
/  phase"of"design"

/ purchase"and"test"of"End/sta.on"components"

• "2013:"
/ equipment"installa.on"in"the"hutches"
/ work"on"the"sample"stage"

• "2014"(spring):"hot"commissioning"+"early'science!'(@'25'mA)'


